Geomagnetic eld-line resonances may be identi ed via the use of cross-phase analysis of data from two closely spaced meridional ground-based magnetometer stations. It has been demonstrated that preprocessing of the data using a wavelet-based lter, chosen with regard to the variance of coe¯cients of the wavelet components, can be used to remove both low-frequency trend and large amplitude, localized structures, thus facilitating the selection of the eigenfrequency. We demonstrate that the dependence of the variance of coe¯cients on the wavelet level during a geomagnetic storm event is characteristically di¬erent from that obtained from data on a day associated with quiet geomagnetic activity. This suggests that the spectral nature of magnetic disturbances excited in the magnetosphere is dependent upon the level of geomagnetic activity.
Introduction
Estimates of the local eigenfrequency of standing toroidal Alfvén waves in the magnetosphere can be used to infer plasma mass densities (Denton & Gallagher 2000) , which are of relevance to studies of the ionosphere{magnetosphere system and its e¬ects on Earth-orbiting satellites. Conventionally, before applying crossphase analysis in order to determine the resonant eigenfrequency, magnetometer data have been preprocessed by the application of Fourier-based detrending schemes (Orr 1984; Menk et al. 1999; Milling et al . 2001) . However, in a recent study, Rees et al . (2001) demonstrated that wavelet-based lters may be used to preprocess the non-stationary time-series recorded by magnetometers. This wavelet ltering can be e¬ective for the removal of localized structures and background noise, thus promoting the identi cation of the resonant mode.
Magnetometer data
Data used in this study were obtained from the UK Sub-Auroral Magnetometer NETwork (SAMNET), which comprises 11 ground-based stations, several pairs of which are located along a common magnetic meridian (e.g. Yeoman et al. 1990 ) ( gure 1). The cross-phase method for determining the resonant frequency requires, as input, measurements of the H-component of the magnetic eld from two closely spaced meridional magnetometer stations. Observations following a geomagnetic storm event (26 September 1998, K p = 3+) and from a quiet time period (19 August 2000, K p = 1) were selected for this study. Data were logged at 1 s intervals. Observations from the Glenmore Lodge station for these two dates are plotted in gure 2.
Wavelet decomposition
Wavelet transforms are frequently used to analyse non-stationary data exhibiting multiscale features (Torrence & Compo 1998) . The wavelet transform,f a;b (t), of a signal f (t) is de ned asf
where t represents any independent variable, a and b are real numbers (a 6 = 0) and Á(t) is called the`mother wavelet'. Physical signals are said to be`statistically self-similar' if they display invariance under changes of scale. For a self-similar process decomposed using an orthogonal wavelet transform, the variance of the wavelet coe¯cients, a jk , is proportional to 2 ¡® j , where j is a given wavelet scale, k is the translation index and ® is a constant. Thus, for a self-similar process, the logarithm of the variance of a jk plotted against j has a constant gradient ¡ ® . Rees et al. (2001) decomposed records of the H-component of the magnetic eld obtained from groundbased magnetometers using an orthogonal wavelet transform (Daubechies 6 mother wavelet). They found that, for a broad range of wavelet levels, the semi-logarithmic plot of a jk had a uniform negative slope, which was attributed to self-similar signals in the magnetic disturbance spectra.
Results
Semi-logarithmic plots of the variance of a jk for the storm event of 26 September 1998 for the York and Glenmore Lodge stations are shown in gure 3a. The graphs for the two stations show broadly similar spectral characteristics. Note the broad region between wavelet levels 5 and 12 where the log(variance) is approximately constant (i.e. has zero gradient). These correspond to large amplitude, localized structures which dominate the spectra during this active day. A uniform slope with negative gradient occurs between wavelet levels 12 and 20, and hence these would be the appropriate components to feed into the cross-phase routines. The corresponding plots for the quiet-time day of 19 August 2000 are shown in gure 3b. In contrast to the storm-time day, the logarithm of the wavelet variance is approximately constant over a much narrower range of wavelet levels (i.e. 6{7), and the self-similar spectral elds showing constant negative gradient extend to lower wavelet levels than in gure 3a.
Discussion and conclusions
When using the cross-phase method in conjunction with Fourier ltering to obtain estimates of the frequency of standing toroidal Alfvén waves in the magnetosphere, it may be di¯cult to identify the locally resonant mode, particularly during storm-time conditions. Preprocessing using a wavelet-based lter o¬ers a possible alternative aid to identi cation. Plots of the variance of wavelet coe¯cients enable the statistically self-similar portion of the wavelet spectrum to be identi ed. We have demonstrated that during a storm-time event, the logarithm of the variance of a jk is approximately independent of wavelet level over a broader range of scales than for a quiet-time period. These modes are likely to correspond to localized bursts of large amplitude ®uctuations and most likely should be ltered out to aid the detection of the eigenfrequency. We suggest here that a more severe pre-ltering of localized structures, facilitated by the use of wavelets, may be needed during storm-time events. It is hoped that a more extensive study of wavelet variance plots will lead to a better understanding of the spectral characteristics of magnetospheric ®uctuations and perhaps, ultimately, to an automated process for selecting the local resonant eigenfrequency.
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